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Sunday, February 3, 2013 97athe same bilayer leaflet may induce membrane deformations and trigger the for-
mation of internal vesicles. Both experiments and simulations allow us to gain
a deeper insight into the mechanism of vesicle formation by MGS, and poten-
tially by other monotopic proteins.
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Cholesterol is the major sterol component of all mammalian plasma
membranes. Recent studies have shown that cholesterol inhibits both bacterial
(KirBac1.1 and KirBac3.1) and eukaryotic (Kir2.1) inward rectifier Kþ (Kir)
channels but the molecular basis of this interaction has yet to be determined.
Biophysical experiments show that lipid-sterol interactions are not enantiose-
lective, but only cholesterol and not the enantiomer of cholesterol (ent-choles-
terol) inhibits Kir and KirBac channel activity, implying that the effects of
cholesterol in both prokaryotic and eukaryotic channels must be due to direct
enantiospecific binding to the channel, and not indirect effects of changes to
the bilayer properties. Furthermore, conservation of the effect of cholesterol
among prokaryotic and eukaryotic Kir channels suggests an evolutionarily
conserved ‘‘cholesterol binding pocket’’. To identify potential sites, computa-
tional experiments were performed in which cholesterol was docked to atomic
structures of Kir2.2 (PDB: 3YJC) and KirBac1.1 (PDB: 3WLL) using Auto-
dock 4.2. Poses were assessed to ensure biologically relevant orientation and
then clustered according to location and orientation. Binding pockets that
interacted with cholesterol and ent-cholesterol were eliminated. Residues
identified as to solely interacting with cholesterol are being targeted for muta-
genesis studies using purified channels. These experiments will identify
a molecular basis for cholesterol-Kir channel interactions, and may provide
a ‘‘model binding site’’ that can be used to identify putative cholesterol pockets
in other channels.
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The recognition and binding of specific lipid species is critical for the cellular
targeting, folding and activity of various membrane-associated or peripherally
bound proteins. These interactions facilitate localization of the protein in
question in the proper membrane in the cell. In certain cases, binding to cho-
lesterol is thought to play a key role in the targeting of membrane-associated
proteins to cholesterol-rich membranes, and to laterally-segregated choles-
terol-enriched domains within the plasma membrane. Previous studies
have identified a cholesterol-binding motif that may be found in numerous
proteins. This relatively short cholesterol recognition/interaction amino acid
consensus (CRAC) is thought to enable tight cholesterol binding, both in a pro-
tein-context and in isolation. Experimental challenges have limited the avail-
ability of structural data on the molecular or biophysical nature of this
interaction. Using solid-state NMR (ssNMR), we explore the structural fea-
tures of this domain as found in the cholesterol-binding protein caveolin 1.
The use of ssNMR permits the study of this cholesterol-binding domain in
cholesterol-rich lipid bilayers designed to emulate native caveolar membranes.
Site-specific structural constraints were obtained for the bound protein frag-
ment, revealing a transition from an extended, b-stranded conformation to
an a-helical structure near the central Tyr residue characteristic of CRAC
motifs – consistent with certain pre-existing models of CRAC motif structure.
Furthermore, complementary static and magic-angle-spinning (MAS) NMR
measurements reveal the effects on lipid dynamics and indicate immersion
of the polypeptide into the membrane hydrophobic core. These structural
and motional data on both partners in this polypeptide-membrane interaction
provide an unprecedented site-specific perspective on a cholesterol-binding
CRAC motif.
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The pore forming alpha toxin from S.aureus is secreted by the bacterium as
a monomer and assembles up to heptameric oligomers on cellular und artificialmembranes, to yield a transmembrane pore. Interaction with artificial lipid
membranes requires the presence of a lipid with a phosphocholine headgroup,
namely sphingomyelin or phosphatidylcholine. Both represent the major frac-
tion of lipids in the outer plasma membrane: saturated sphingomyelin prefer-
ring the liquid ordered phase, and unsaturated phosphatidylcholine with
a preference for the liquid ordered phase. Employing liposomes we could
show that alpha toxin has a higher overall affinity for sphingomyelin compared
to phosphatidylcholine if the lipids are in the same phase. Preferred binding to
sphingomyelin usually is interpreted as a preference for rafts or domains in the
liquid ordered phase, especially if also binding is increased in presence of cho-
lesterol as is also the case for alpha toxin. However, this is not necessarily the
case. Alpha toxin preferentially interacts with lipids in the liquid disordered
phase as shown by fluorescence spectroscopy and microscopy. Since sphingo-
myelin is also present in the liquid disordered phase, albeit to a smaller extent
compared to the liquid ordered phase, binding could occur both to sphingomye-
lin or phosphatidylcholine. A further complexity is added by the observation
charged lipids further increase alpha toxin binding. Thus one can expect that
the partition coefficient of alpha toxin between liquid ordered and liquid disor-
dered phase is critically dependent on the detailed composition, and might very
well be shifted by presence of proteins as is the case in the cellular membranes,
without the need of any specific interaction between alpha toxin and the
protein.
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Although a wide variety of autophagy-related proteins can target the cup-like
autophagosomal isolation membrane, once the autophagosome closes only lipi-
dated Atg8 proteins remain associated with the outer surface. It is not yet
known what features of the isolation membrane distinguish it from the mature
autophagosome, but one possibility is that the highly curved rim of the cup is an
important marker for transiently-associated components of the autophagic ma-
chinery. Here we use a fully reconstituted in vitro assay of protein lipidation to
establish several first principles in the ubiquitin-like lipidation of Atg8. We
show that the E2-like enzyme, Atg3, is a membrane hydrophobicity sensor
and requires extensive exposure of the membrane hydrophobic core to facilitate
Atg3 function. This detection depends upon an amino-terminal ALPS-like am-
phipathic helix similar to motifs found on other proteins targeting highly curved
intracellular membranes. Indeed, in vitro Atg3 function is dramatically
increased on membranes exhibiting strident curvature. By tuning the amphipa-
thicity and hydrophobicity of the ALPS motif, we can promote or inhibit
LC3 lipidation both in vitro and in rescue experiments in Atg3 knockout cells,
implying a physiologic role for this sensing. The need for extensive hydropho-
bic membrane exposure suggests that Atg3 is designed to work at highly-
curved membranes perhaps including the limiting edge of the growing
phagophore.
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Ras is a lipid-anchored small molecule GTPase and an important signaling
node in mammalian cells. The dynamics of subcellular localization are a crucial
dimension of Ras signaling, observed as lateral partitioning and hierarchies of
lipid and protein interactions. H-Ras clustering in reconstituted bilayer systems
was studied using a combination of photon counting histogram (PCH) spectros-
copy, time-resolved anisotropy, and single molecule (SM) tracking. Lipid
anchor effects were specifically excluded by tethering the hypervariable region
(HVR) of H-Ras directly to membrane-miscible lipid tails in these bilayers.
Translational and rotational diffusion were characterized across a broad range
of surface densities. PCH revealed the H-Ras degree of clustering, which was
confirmed by SM tracking. Using these complementary spectroscopic tech-
niques, we calculated the dissociation constants of H-Ras in its nucleotide-
dependent active and inactive states. Strikingly, we identified a point mutation
that alters H-Ras clustering. We will present insight into the lipid membrane’s
